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COLOR CORRECTED LASER 
ILLUMINATION SYSTEM FOR 
NIGHT VISION APPLICATIONS 

Background of Invention 

The present invention relates to night vision systems, and particularly concerns a 
color corrected laser illumination system for night vision applications. 

Conventional lighting systems used in automotive vehicle applications such as 
headlights and taillights utilize an incandescent bulb with a reflector. The light 
emitted by the incandescent bulb is generally collimated by the reflector. The 
incandescent bulb is used to generate light in the visible spectrum for headlight and 
taillight applications. Active night vision systems typically require near-infrared 
emission that is compatible with solid-state CCD or CMOS cameras to illuminate the 
region forward of the vehicle. 

Advances in the solid-state lasers have given rise to thin-sheet lighting systems 
for use in taillight and active night vision systems. The thin sheet systems require less 
space than bulb and reflector systems. Furthermore, laser diodes are more energy 
efficient and reliable than incandescent bulbs. A challenge in thin-sheet lighting 
systems is to rapidly spread the laser light over a sufficiently wide area to meet spatial 
illumination requirements for good visibility and, at the same time, eye safety 
requirements as mandated under laws governing such applications. 

U.S. Patent Application Serial No. 09/688,992 entitled 'Thin-Sheet Collimation 
Optics For Diode laser Illumination Systems For Use In Night Vision And Exterior 
Lighting Applications" filed October 1 7, 2000 describes thin-sheet collimation optics 
which can be used to produce eye-safe, diode laser-based headlamps for night vision 
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applications. The emission patterns of optics such as disclosed in the referenced 
application are similar to those of "high-beam" headlamps in that they project far 
forward to illuminate objects at long range and also provide spread-light for 
illuminating objects at close range on either side of the vehicle. 

[0005] For most night vision applications, the laser emission wavelength is typically in the 
near infrared range (800-900 nm), which is well outside the spectrum of light visible 
to the human eye (400-700 nm). Moreover, although the human eye is extremely 
insensitive to near infrared light, it may be possible under certain conditions for a 
driver to perceive a near infrared night vision laser headlamp of an approaching 
vehicle as a dim red light. Current government guidelines prohibit the use by a non- 
law-enforcement or non-emergency vehicle of any forward lighting device that could 
be perceived as "red" by other vehicle operators. Thus, there exists a need for "color 

p corrected" laser headlamps for night vision applications that could not be perceived as 

O red light by other vehicle operators. 

m 

f Summary of Invention 

|* 

HP [0006] The present invention provides a color corrected laser illumination system for 

* night vision applications. A color corrected laser illumination system in accordance 

P 

£0 with one embodiment of the invention includes a lighting system for night vision 

pi applications including a near infrared light source, a visible light source, a 

p beamsplitter and an optical element. The beamsplitter is arranged to reflect light 

nf 

emitting from either the near infrared light source or the visible light source and 
transmit light emitting from the other of the near infrared light source or visible light 
source so as to combine the light from the two sources. The result is a combined, 
color-corrected light source. The optical element is disposed a predetermined 
distance from the color-corrected light source. The optical element includes an input 
surface for receiving light from the color-corrected light source and an output surface 
for emitting the received light in a desired emission pattern. 

[0007] 

In one embodiment, each of the near infrared light source and visible light source 
are associated with respective first and second optical elements. The first and second 
optical elements are arranged such that the emission patterns of each optical element 
are substantially identical and overlapping to form a single color-corrected light 
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emission pattern. 

In one embodiment, the color corrected laser illumination system includes a thin- 
sheet optical element to provide an illumination pattern similar for use in a night 
vision system. With regard to the optical element, light enters the optical element 
through an input surface and exits the optical element through an output surface that 
is substantially perpendicular to the input surface. A stepped surface of the optical 
element is angled between the input surface and the output surface to intersect the 
light. Multiple facets are formed in the stepped surface to reflect the light toward the 
output surface. The facets, input surface and output surface are arranged such that 
light reflects from only the facets in passing from the input surface to the output 
surface. The result is that the divergent emission pattern of the light emitted from the 
source is manipulated into a broader illumination pattern emitted from the output 
surface. In one embodiment, the facets are arranged in a striped pattern paralleling a 
narrow dimension of a rectangular shape. In such a case, the input surface has a 
curvilinear shape to collimate the light in a first plane parallel to the output surface. In 
another embodiment, the facets are arranged along arcs about an axis normal to the 
output surface. 

The present invention is advantageous in that it provides a mechanism for 
masking the near infrared light emitted by the night vision system such that the light 
cannot be perceived as red light by other vehicle operators. Another advantage of the 
present invention is that it provides an optically efficient optical element capable of 
producing a desirable, broad illumination pattern. 

[0010] Other advantages and features of the invention will become apparent to one of 
skill in the art upon reading the following detailed description with reference to the 
drawings illustrating features of the invention by way of example. 

Brief Description of Drawings 

[001 1] For a more complete understanding of this invention, reference should now be 
made to the embodiments illustrated in greater detail in the accompanying drawings 
and described below by way of examples of the invention. 

[0012] In the drawings: 
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[001 3] Figure 1 is a schematic block diagram of one embodiment of the present invention 
utilized in an active night vision system; 

[0014] Figure 2 is a schematic block diagram of the color corrected light source 
according to one embodiment of the present invention; 

[001 5] Figure 3 is a side view of a first embodiment of an optical element for use with the 
color corrected lighting system; 

[0016] Figure 4 is a front view of the optical element of Figure 3; 

[001 7] Figure 5 is a side view of a second embodiment of an optical element for use with 
the color corrected lighting system; and Figure 6 is a front view of the optical element 
of Figure 5. 

□ Detailed Description 

While the present invention is described with respect to an active night vision 
system for a vehicle, the present invention may be adapted and utilized for other 
applications where a near infrared light source is utilized. 

In the following description, various operating parameters and components are 
described for one constructed embodiment. These specific parameters and 
components are included as examples and are not meant to be limiting. 

Referring now to the drawings wherein like reference numerals are used to identify 
identical components in the various views, Figure 1 illustrates a schematic block 
diagram of the present invention utilized in an active night vision system. In this 
example, the color corrected light source 10 is used to generate a near infrared light. 
An optical element 104, such as a thin-sheet optical element, receives the light 
through an input surface 106. The light is reflected inside the optical element 104 and 
transmitted through an output surface 1 1 0. A lens, diffuser, holographic plate, pillow 
optics, diffractive optics, or any other optical device may be positioned adjacent or 
adjoining the output surface 1 1 0 to manipulate the laser light to create a desired 
illumination pattern ahead of the night vision system. Alternatively, the optical 
element 104 can be designed to emit the desired illumination pattern by itself. 
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[0021] Light emitted from the output surface 1 10 of the optics 104 illuminates objects 

such as object 1 2 within the field of view of the night vision system. Object 1 2 reflects 
the laser light back towards the night vision system. Optical elements 14 process the 
light reflected from object 12 and communicate the desired light data to a camera 16. 
The camera 16 processes the light data and presents it to a display 1 8 such that the 
object information can be made known to the system user. Optics 14 typically 
includes a narrow band filter to shield the camera 1 6 from light outside the range of 
interest, i.e., the near infrared range. 

Referring now to Figure 2 there is shown a schematic diagram of the color 
corrected light source 1 0 and the optical element 1 04 of Figure 1 . The color corrected 
light source includes a near infrared light source 20, color correcting light source 22, 
and a dichroic beam splitter 24. The near infrared source 20 can comprise an LED or 
diode laser which emits light in the near infrared range of approximately 800 to 900 
nm. The NIR source 20 is the primary light source used in the night vision system for 
illuminating objects in the night vision system field of view. 

The color correcting visible light source 22 can include an incandescent filament, 
a halogen bulb, a LED or any other similar light source that provides light across at 
least a portion of the visible spectrum of light. Preferably, the light source 22 emits 
light in a region of the visible spectrum other than red light although the red 
wavelengths can be included in the light spectrum emitted by light source 22. In one 
embodiment, the light source 22 is a green or amber LED, with the emission intensity 
selected such that, when combined with the NIR source 20, a white or other non-red 
image is perceived by the human visual system. 

[0024] 

The beam splitter 24 in the example of Figure 2, is arranged such that it has a 
large reflectivity at the wavelength of the NIR source 20 but is transparent for all other 
wavelengths. Thus, light from the NIR source 20, which is incident on the beam 
splitter 24, is reflected towards the optical element 104. Light from the light source 
22, however, passes through beam splitter 24 and is also directed towards the optical 
element 104. Thus, optical element 104 receives the combined light provided by NIR 
source 20 and light source 22. In one example, the beam splitter 24 is a dichroic 
beam splitter comprised of a glass or plastic substrate covered with a multi-layer 
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dielectric-stack interference coating. Alternatively, the beam splitter 24 can be a 
holographic notch filter designed to reflect light at the wavelength of the NIR source 
20. 

[0025] With regard to Figure 2, the beam splitter 24 can alternately be configured to be 
transparent to the NIR light source 20 and reflective for the white-light source 22. In 
such a case, the relative positions of the NIR source 20 and light source 22 would be 
reversed from that shown in Figure 2. The beam splitter would be reflective at the 
wavelengths other than red and transmit the NIR source through to the optical 
element 104. Thus, the combined NIR source and reflected wavelengths would 
combine in the optical element 104 to emit a non-red perceived light. 

[0026] A diffuser 26 may be included to spread the combined light across the input 
surface 106 of the optical element 104. Facets within the optical element 104 then 
P direct the light into the desired beam pattern. The white-light source 22 is also made 

to exit the optical element 1 04 in the same beam pattern as the NIR source light. 

M> [0027] Two optical elements could also comprise optical element 104. In such a case, 
jjl each light source can be directed to a respective optical element to form respective 

* beam patterns. The respective beam patterns are preferably substantially identical 

£ff such that the respective light sources 20, 22 are combined in a single light pattern. 

|* 

W [0028] In operation, because the white-light source 22 is being emitted in the same 

Q- 

fU beam pattern as the NIR source 20, the resulting illumination output will be perceived 

as white-light, or at least non-red light, by operators of vehicles approaching in the 
opposite direction or vehicle operators in front of the vehicle equipped with such a 
night vision system. 

[0029] In the following Figures, the color corrected laser light source for night vision 

applications is described with respect to specific embodiments for the optical element 
104 for creating beam patterns for the color corrected light source. 

[0030] Referring now to Figure 3, there is shown a side view of a first embodiment of the 
optical element for the color corrected lighting system. Figure 4 is a front view of the 
optical elements of Figure 3. In the examples of Figures 3 and 4, two thin-sheet 
optical elements 104, 1 05 are arranged such that they emit their light in the same 
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direction. A first optical element 104 is used to transmit the light from the near 
infrared light source 20, and the second optical element 105 is used to transmit the 
light from the light source 22 in substantially the same pattern as the light from NIR 
source 20. Alternatively, as shown in Figures 1 and 2, the NIR source 20 and light 
source 22 could be combined into a single color corrected light source 1 0 by use of 
the dichroic beam splitter 24 and, thus, only a single optical element 104 would be 
necessary to create the combined beam pattern. 

[0031] Referring again to Figures 3 and 4, light emitted from the NIR source 20 and light 
source 22 each have associated first and second divergent emission angles 202, 206. 
The first divergent emission angle is typically on the order of 35 ° , while the second 
divergent emission angle 206 is typically on the order of 1 0 ° . However, the first and 
second divergent emission angles 202, 206 may be larger or smaller depending upon 
the type and design of the respective light sources 20, 22. The optical elements 104, 

□ 

Q 105 take advantage of these divergent angles 202, 206 to spatially expand the light 

J sources emission patterns without requiring additional optics commonly found in 

M> other designs. Of course, other types of light sources 20, 22 which emit divergent 

f«l light at other wavelengths may be used within the scope of the present invention. 

Q [0032] The NIR source 20 and white-light source 22 are positioned away from the optical 
elements 1 04, 1 05 by a predetermined distance as indicated by distance 300. 

Hi Predetermined distance 300 is chosen so that the light spatially expands a desired 

P 

f|J amount along a direction parallel to a width of the optical element 104, 105. The 

width of the optical element is indicated by dimension 302. 

[0033] Optical element 105 is in all aspects identical to optical element 104 and, thus, 
only optical element 1 04 will be described in detail below. 

[0034] In the example shown, the light fills the input surface 1 06 in the width 302 

direction. When used in a night vision system, a preferred width 302 of the optical 
element 104 is approximately 50mm. Larger and smaller widths 302 may be used 
within the scope of the present invention as required by the particular application. 



[0035] 



Input surface 106 of optical element 104 has an aspherical curve to collimate the 
light as it enters the optical element 104. Collimation is accomplished in a plane 
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parallel to the output surface 1 10 and along a direction parallel to a length of the 
optical element 104. The length is indicated by dimension 304. 



[0036] Figure 4 is a front view of the NIR light source 20 and white light source 22 and 

optical elements 104, 1 05 shown in Figure 3. The light emitted from the light sources 
20, 22 spatially expands over predetermined distance 300 along a direction parallel to 
a depth of the optical element 104. The depth of optical element 104 is indicated by 
dimension 306 shown in Figure 3. 

[0037] In the preferred embodiment, the light fills the input surface 106 in the depth 306 
direction. Depth 306 of the optical element 104 generally ranges from around 5mm to 
around 10mm. Thicker and thinner depths 306 may be used within the scope of the 
present invention. For example, depth 306 could be made as thin as one millimeter. 

jj* [0038] Input surface 1 06 of optical element 1 04 may have curvature along the depth 306 
Q direction to collimate the light in a plane perpendicular to the output surface. 

Collimation is accomplished along a direction parallel to the length 304 of the optical 



SI 



element 1 04 in a plane perpendicular to theoutput surface 1 1 0. 
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[0039] Stepped surface 1 08 is formed in the optical element 1 04 generally angled 
Q between input surface 106 and output surface 1 10. As viewed in Figure 3, stepped 

m 

y, surface 1 08 spans between the bottom of input surface 1 06 to the far side of output 

W surface 110. 

Q 

T1i 

[0040] Stepped surface 1 08 is formed with multiple facets 1 22a-e arranged in a stair-like 
configuration. Facet 1 22a is the lowest facet 1 22 of the stair and the closest facet 1 22 
to input surface 1 06. Facet 1 22e is the highest facet 1 22 of the stair and the furthest 
facet 122 from input surface 106. Facets 122 are separated from each other by flat 
regions 1 24. Flat regions 1 24 are arranged to be parallel to the output surface 1 1 0. 

[004 1 ] Each facet 1 22 is formed at an angle with respect to the output surface 1 1 0. In the 
preferred embodiment, all of the facets 122 are set at a 45 ° angle to reflect the light 
towards output surface 1 1 0 along a direction normal to the output surface 1 1 0. other 
angles may be used, including different angles for different faces 122 to produce 
variations in the illumination pattern. 
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[0042] All of the facets 1 22 are designed to reflect the collimated light using total 

internal reflection. Total internal reflection of light occurs in an optical medium where 
an incident angle 8 of light upon a surface exceeds a critical angle 9 given by 
equation 

6 C =sin" , (n,-5-« 3 ) 

[0043] wherein n ^ is the index of refraction of a surrounding medium and n is the 
index of refraction of the optical medium. 

[0044] In the preferred embodiment, the optical element 104 is fabricated from a 
polycarbonate having an index of refraction of approximately n = 1.489. 
Furthermore, the surrounding medium is air with an index of refraction of unity (n ^ = 
1). This produces a critical angle of approximately 0 = 42 ° . With the facets 122 
angled at 45 ° with respect to the incident light, then the light will reflect from the 
facets by the process of total internal reflection. 

[0045] Some applications within the scope of the present invention may require the facets 
1 22 to be angled less than the critical angle. In these cases, a layer of reflective 
material, such as metal, may be deposed on the outside of the stepped surface 108. 
Alternatively, other transparent optical materials having other indices of refraction 
may be used including, but not limited to acrylic, plastic and glass. 

[0046] The number of facets 1 22 and the size of each facet 1 22 is application specific. In 
general, there should be at least three or more facets 122. Increasing the number of 
facets 122 increases the uniformity of the illumination pattern emitted through the 
output surface 1 1 0 at the cost of a thicker optical element 1 04. Uniformity of the 
illumination pattern can be improved by slightly curving the facets 122 in one or more 
directions so that they cause a slight dispersion of the light as they reflect the light. 

[0047] 

The effect of the optical element 104 is to disperse the optical energy emitted 
from the light sources 20, 22 over a large area. Using the preferred dimensions of 
50mm for width 302, 125mm for length 304 and 5mm for depth 306, the optical 
element 104 has an input surface area to output surface area ratio of 4%. Ignoring 
optical losses, this translates into the optical irradiance exiting the output surface 1 10 
that is on average twenty-five times smaller than what is entering the input surface 
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106. This ratio can be changed by changing the optical elements dimensions 302, 
304 and 306. For example, increasing the depth to 1 2.5mm changes the ratio to 1 0%. 
Decreasing the depth to 1 .25mm decreases the ratio to 196. This ratio can be adjusted 
to provide a desired optical irradiance at the output surface 110. 

[0048] Referring now to Figures 5 and 6, there is shown an alternate embodiment for the 
optical element 1 04. In the examples of Figures 5 and 6, only a single optical element 
is shown to transmit the light from the color corrected light source 1 0, which includes 
the NIR source 20 and white-light source 22 and beam splitter 24 (Figure 2). 
Depending upon the divergent angles of the emitted light from the color corrected 
light source 1 0, a diffuser may also be required to fill the input surface 1 06 with light 
from the light source 10. 

[0049] The optical element 1 04' has a generally wedge-shaped output surface 1 1 0\ 
Q Facets 1 22' follow along arcs at various radii about a central axis 1 26 normal to the 

output surface 1 1 0\ Likewise, input surface 1 06' follows an arc about the central axis 
J& 126. 

jjj [0050] In this embodiment, the color corrected source 1 0 is positioned with its output at 

« the central axis 126. As light spreads out from the light source 10 in the first 

Q 

pi divergent angle 202, it enters the optical element 1 04' perpendicular to the input 

H surface 1 06' as measured in the plane parallel to the output surface 1 1 0'. Input 

Q surface 1 06' allows the light to continue to diverge at the first divergent emission 



ru 



angle 202 inside the optical element 1 04'. There is no need to collimate the light in 
the plane parallel to the output surface 1 1 0'. 

[0051] Preferably, the angle formed by the wedge shape matches or exceeds the first 
divergent emission angle. This is done so that the input surface 1 06' gathers all or 
most of the incident light. 

[0052] Similar to the first embodiment, the input surface 1 06' may be curved to collimate 
the light in a plane perpendicular to the output surface 1 1 0'. Here again, the depth 
306' of the optical element 1 06' is chosen so that the input surface 1 06' gathers all or 
most of the light along the second divergent emission angle 206. 



[0053] | t may be impractical in some applications to mount the light source 10 the 
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predetermined distance 300 from the input surface. In these cases, fiber optics may 
be used to remotely locate the color corrected light source 1 0. An optical difference 
caused by fiber optics is that the first divergent angle 202 and the second divergent 
angle 206 are usually the same thus producing a common divergent angle. This 
common divergent angle generally ranges from 1 0 • to 40 ° full-width-at-half- 
maximum intensity. Consequently, the depth 306 of the optical element 104 should 
match the width 302. 

[0054] In another embodiment, a lens, holographic plate, diffractive optics, or other 
suitable second optical element may be disposed between the fiber optics and the 
input surface 1 06 of the optical element 1 04 to modify the common divergent 
emission angle to reproduce the first divergent emission angle 202 and second 
divergent emission angle 206, or any other divergent emission angles. 

Q [0055] In other examples, the angle of each of the individual facets 122 can be made 

o 

If} slightly different to cause a divergence in the illumination pattern. The output surface 

2 1 10 ma y be formed as a micro-lens array, and a holographic light-shaping diffuser 

■ 

can be attached to the output surface 1 1 0. Similar changes may be made to the input 
surface 1 06, facets 1 22, and output surface 1 1 0 to cause a divergence in the 
P illumination pattern along the width 302 direction. 



5 



[0056] From the foregoing, it can be seen that there has been brought to the art a new 



n i 



and improved color corrected laser headlamp for active night vision applications. 
While the invention has been described in connection with one or more embodiments, 
it should be understood that the invention is not limited to those embodiments. For 
example, the color corrected light source can be used with numerous alternate optical 
elements to achieve any desired emission pattern for illuminating objects. In this 
regard, the invention covers all alternatives, modifications and equivalents as may be 
included within the spirit and scope of the appended claims. 
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